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(57) [Sffl] 




mts^z&mMm+tfi^tez^ >#i?=.y h^is^- 

*> 5 s HfriB y x/uh p ^ b >< 

>*S£i*tt£^£SS2<off Mis-r v^rBatai^ 

<^f-^ti*gOO. 175^0. 5fgfc«^£;h,-C^£fll 

iKrfESB 3 *0fltti4IH*MtJH 20 

THJ: 5 t>/h$ < K3£SttTVNSSt*« 1 K:SE*0M V 

[»#"S5] fflrtEJB 3 (©«#f±. ^^ttttWm^mK 
SB 2 (Dit *jr <h ^KWi-^-^ffl^^ £ *tT ^ 5 
llcB*©-f h^:ia»36Jlo 

[B!**6 1 *bb» 2 (Dm ^mtt isnxfrhmmm 
3<o«**su^s^54^aaHFiBdWPA*/py* 

So 

zzk&w&tTzm^i\zmm<D<<(>?i?~y h^: 

EMS*. 

9 ] mmm 3 oft «^«imiiB^tMB£*iH 
m^m^mmmm t mn&j^m-^m-m^ ztix^ 40 

ZZk&W&k^Zffi&milztZMv^^fV^y hit 
EMS*. 

^y Ft. 

WEBEA»*MSrmRHJHTHlci$tf-Si-6^W|-c» 

assess 1 «riB»i^>«»<oRianBB*6*>e> 
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US £ * T iu 12 y X / um P ^ *b -f ^ * * tb ffl £ it 6 |g 2 

«SB3 0«-Sr«:ttl*i-SK«ifS#*fe*a4:. 

IS 1 <7)fs-^ t SB 3 coif-^ t ^gfitbSrSBSE-r £ , 

1 1 ] tummmttn. mmm 3 <t>«-^«o«hs 

^WJKJ; 0 KEttflM it*, y 

12] sb 3 (oft ^<o»i^Ffl^i 2 o 
e*^ ^ ^ h*iBft»« 0 

XMfEIB l <D«*fcJ;$tt:**af J: IP t>/>S^*«-eW 
Effi.***a*l£*S*5Jfi3<0«#Sra*i-5K«i« 

MiS^ 2 (Off -^-^^TBf *;^6ttlB!B 3 ofa-^«rffl*D-r 

[a*si4] Huism 3 (7){s^fi N -^(ofiK^metB 

2 <D{f t^)Hg(0 0 . 17^0. SflSirK^Stt-CV^S 
If 1 3 KiBtttfM y h*15»3SSo 

[S»**i 5] ffllE* 3 ofs-^f*. HBK«FlBdsjHMT 

[»*3Si6] Mism 3 oft ^^tttRi^m^m 
ism 2 <Dft ^ t mwmzm-<Dmzwii£ z ttx ^ s »* 

mmzm-<Dmzwtfe£tix^z z k &»mt -tzm* 

mi 3{cmm.<D4ls?i?~y h5£fE»3£« 0 
[St*« l 8 ] wimm l ©«**«J«»THi:3)lltt&l!: 

m-tDmcmmzivx^zzkZft&kTzm&mi 3 
^ia*^>r y h^mmmwio 
m&m 1 9 ] Hutem 2 <z>fi#co^^p^^jEmsa 
k mwmzm-<Dmz.mfe $ tix\,^z> 

m&m 2 0 ] trials 3 <Dm^<ommmm*mnm*h 
*<Dm^wmmn k «swi^-^ti^RS s tix^ 3 
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[0 00 1] 
[0 0 0 2] 

[0 0 0 3] 

h*E««B «:«»■*■ 6 w -C*>6. 
[0 0 0 4] 
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atrial ^^igotta^^^c/hy ^^^7 x^Mtb^y 

[0 0 0 5] 

yX/u«qMfcifta»5#jS'TN ms(Dm-^\zX9 

[00 0 6] 

t£7<Djam£y X/uXu- h l hW&ms txm±\^x 

[0 0 0 7] Z.<D4ls*ffi&*--y Milt jE*J«£ 

^3, ^iico^>^^4, Rtfr*Lfc*««^**f 

.ft»p5*tu 9 urn* 

30 [00 0 8] 9(1, JEmtllfj^TN #**lRj^spfrfcffi 

xmm-m-^i o\cmm£tix^z> 0 

[0 0 0 9] tz^>x\ :oj;5i:iS*nf:>f^^ 
40 ^3£jf2/£LTt>68M£K8, y X/uXu — h 

FH=1/2tcX/" { (Mn + M s ) X (Ci+Cv) 
(MnXMs) } 

[ooio] ffift=t rv^cifi, ee^i 

50 «3SSrc 



5 

Ci = V/p c 2 

[0011] £b\zmti&£.m.3<Dm#='^zf7<{Ti' 
3 o»»ftaE**ic— a-r 5o 

[0 0 l 2] Afrftl&aiMf ft 3**0. 5M2m 

mt\ i0. 175S0. 2mm x i^0. 0 57510. 
— /UAzh/W!V*fijaR«tFHtt5 OkHz 75 H 2 0 0k 
[0 0 1 3] 0 2te, ±izELfc-f ^ v^y hitlBfi^ 

1. 2 2^ai^^T-2 3. 2 4, 2 5$:ii ^T-2 

Wt^>f5^«*35JAAU *fcttW*F-2 3. 2 
[0014] 2 6 fi. ■OMB-JWSiElfcTN jB^f- 22^ 

[0015] FK Fl, Fl'-tt, ^il^tiyy^- 

mm*mi$rrz>7}) v7'7vy'7X'*>*)^ £fcF2, f 

2, F 2 ■ V l/^^5:»StS7 y 
S/^T% 7^^7 P 7D 7 7'F2 > F2 X 

!£mmm*9, 9. 9 • ••-(c^Lxtt^n/ci^ff 

tS7y^7oyyFl, FK Fl"-X*75/f 
U tT^-h2 8, 2 8. 2 8--"S:*LT^y 
fy^h7^X^ 3 0, 3 0. 3 0 • • • • l£i!tRfg^£ 

ta^-r e j; 5 $ nx i > £ G 

[0016] 0 3 fi, h»3S ^ffiiJW«#**llIK 200- 

X\ «^2 2^AW5^^5^<lt (0 5 
(T) ) ©*t>±j&S9^*0**bS*U fM3 3^f) 

<n#uiy#m^*mmm j %%&£m } &2 e<omtim^2 9 

K^£*xXl>S JESSIE 9. 9. 9----ez>»^-Sc 

-TSffi^x-w-iSuyt^x-LOwu^/Ko^^ y -if-^- 

Sra*LXff»»flFS:#J]:i-St^X-fcSo 

* 3 lcD^y — im^te. ANDy-h^LTli[Hl 

&2 3^t>^^a^^fs#t^a^Sl^ttX*^2 3 

[0 0 17] SFf3 4H *£T-2 l^A^S 

ffim^9. 9. 9--- Ic— ifei--5 fc> hBtoHJ*^- 
**!E«-t-S*^yx% ANDy-h^^fftl:^ 
UX^a5lC|EtgUX^5^7 f -^^ffi^2 4tCl try 
hSt-^y T/PUi*i--5«IE«: 1 t>^ J fr«x.XV>S. 
[0 0 18] C<D«8^2 4 yr/H5aiStL5R]^ 
«* (05 (VII) ) SoWMt^^fy^ 
h7^^3 0, 3 0, 3 0----©lR«fift9 1 
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fP^l#^«^2 3^e>ffiA^^^7 h>> o 

(0 5 (VTTT) ) (a«^^7hU'^^^ftfijcL 
t^57!ly^7Py^Fl, FK FK ■■••{17^ 

±*>t& v izmm ix7 ^ia*±aam» 3 5 ^?>a^ 

[00 19] i4(i, LfciB»e-?-*^[H]K 2 6 (7) 

10 >-^$W(hIKX% raJR»Sfc£*tfc3oeoi7 yVs 5/ 

;^yi/-^MK M2. M3^WL, €-!7^i/ 3 -/ 
I^W^U-^Ml, M2. M3tC«^riX^ttS 1 
<D3EW$K (Tel) £f§ltf)* — /uKWPfl (Thl) k<D 
^PT1= (Tcl + Thl) „ Jft*B#|ffl (Td) tWZ2<D& — 
/WKWfBB (Th2) £<£>fPT2 = (Td+Th2) , 2 
^S®^rBlTc2^^^i-^>/ci6^v^^i!iMPWK PW 
2. PW3 (0 5 (TT) x (TIT) . (TV) ) &ffi££tl 

[0020] vv-a y h-^/u^w yu— 1 x 

20 M2. MZfrhmt)-tZ>/*/l'*<D\Lib-tfc f 9 . £^T^ 5 

m^^iff h^v^^QS, Rrfm2<D3tm&M 

?f£i£Z> h7y^^Q6^^y, t7iJ8it6«):9l: 
S/$;£*i,X^5 0 

[0021] ^ay$«*^*>*-r ^ ^^t^^ 2 2 

\^At}-tZ>t. ^^;yniJ«36Wf67y 
tbXt^^^/U^ifiPWl (Tcl + Thl) CD^^/WX^s-^- 

(05 (tt) ) zmt)-tz> 0 z<Ds<;uxm^±y 

30 y^^Qi^tyi:^^^ Wfflttffix-KfciWrfftvMi;: 

^S^ttXl/^^^^C^ hyl^i^^^ Q2tWcK 
Rl t^ct <9 I clXfcoX3fc«£*L6p 

^co^mi-J: 9 =x^^cofl8^-«JE^mHR«JEVH 

[0 0 2 2] &^lw!7>'v'3 y h -v/U^-s^ ~7 is— & M 
1 (O^N°/^^igPWltC+a^i-5NFre1 (Tcl + Thl) =T1 
^giiLX^ix^t^i:, h7^^Ql^t7 

40 v>V^i|*gPW2cD/^U;*{f ^ ([^ 5 (TTT) ) ^tH^jLX 
h^^v^^^QS^^-^^^oX^V^^C^Scm^ 
-fr£ Q C<Oj!*«te, h^>'v ? ^^Q4^S6i:R3^{Ci: 0 

fe-sz-mma i at- 1 o -c u « «e vLirait s * r- 
ffiifcisxrttefrtiz* 

[0 0 2 3] !7>->3 5/ h^/^^^-f 7\s— ?M2<Ds< 
/U^PW2C^^t6W (Td+Th2) dSSiSUXC 
y V^>3 y h^/^^^-f *M3 
^e>^^/^i|iiPW30/^^{f-^ (0 5 (TV) ) frmil 

50 Vtf-Cte, — SmSeic2XlfT/?Em$tb. ^yi/a^h 
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(Tc2) -C«:^S*PflmffiVM^Sl|jSU Z&m&LVlUX 

[0 0 2 4] Z<D£5t£%tfcm\C&*)^ m5\^jklstc£ 
b l£fc*ra«ffiVMa>?> WEE VHIC— 3t^^T*-H# U 

[0 0 2 5] £r^T\ ±&<75iE»«-^8£[e]K 2 6 \Z 
^tt^^^^^C^^S^rCO, JgJfiRl^ffiiftffiSrR 
rK SfexR 2(75}gl7Lii:^Rr2. !SfciR3C0lSfei > (fi^: R 
r 3. h^>-^X^Q2. Q4. Q70>-<— at ^ y# 
P^®/±£^;ft^ ? tLVbe2 x Vbe4 x Vbe7 ftZt. Wl 
K6bfc5f6««SElcl. ^mm^Id, Mlffilc2, 
Rt^3E«^PPflTcK fttttHTd, X09l5«B*|!flTc2 

tn^ti 

I cl = Vbe2/Rrl 

Td = Vbe4/Rr3 

I c2 = Vbe7/Rr2 

Tcl = C0X (VM-VM) / I cl 

Td=C0X (VH-VL) / Id 

Tc2=C0X (VM-VL) /Ic2 

[0 0 2 6] JE*38^3^3EiRSI§^:-5^i«e>(^r^ 

[0027] zntctbz (ommmx-te. 
fa&tif<DtkmmmmTdt. jEtim±^3(Dm-mmm 

0. 5TH<Tcl< 2TH > L < ttTcl == TH 

Td=Ta. M^L<ISTd<TH 
Tc2 = Ta, S3; L< f3Tc2<TH 

M^(Dm{4MV2C0itV2/Vl = R2/l^ > 0. 175^ 

o. 5^iti5J; 5l:8^LTi3<o 
[0 0 2 8] »cr(croj:3'tw»figu^Boifi^i-o 
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0. 3 0. 3 0. ■•■•(D»#«-^£rtej£LT. ±T<Dffi 
WHBHF-9* 9. 9----^*Pa«fflrVM^3i5«StbTt^ 

[0 0 2 9] iOJE*»**3^»W^J:0-f v^ttlft 
10 P 5 £^ UT*3§<D>f >-^4<7M >*&mj3&±&3 

M««*IBThloailB«ltiO«ffiVHSr(|l«PU 

\z&]ttx»T-rzk. mj£vmz3tm l £thx\,^tcj±mM 

W)*9\ 9. 9, ••••^ItW^t-KDS:tL 
T»cm^tL. JEE«Stt^-9(if*SUTJE*5l^3S:iR 
*§£ii:£ 0 C<7)Ji^^^3 0il5i«S^J: , 9^>'^^P/E 

sttty x/hip 2 LTPtaH-So 

[0 0 3 0] Z(OmfoMX'&*~X**<D&m&Eitlft 
£*3«wat>§l#££*u /X;u»p2(DfflH6i:5 
0#,&T\ ^ft<S^-S:«iEVL^f>*ra«ffi:VMir[fijttTlf 

^**ttTflE^*^3^ts,M»gRi-So ^<Dj±£im 
±m 3 ^»/WBK^ J: 9 J X/MH P«c«Wlr*-a J: 5 fc: 

*~x$*itt(DmWt^*/i'*&MCbtiX%:<DM 
30 [0 0 3 1 ] Ji^cOJ: o \C4 ^ftkmmzft&.'TZ* — 

hsl^j&*&* ms^it^- (m7izte\<^x®x7jk~tim 

/MWnOTKftaH^fc5&&& (B7lc*3H-6i#IHJ t2) 

[0 0 3 2] t^^>T% ffi^l3^y^ll JEm 
M«J^ 9 KSB 2 (Off (B7{Cjol>T©-e^:i-{f-^) # 

40 mu^tbxmti^±^3 7bmm^titim^hmMTi\ 
(D^/u^/uymWimiFHxmW}%:mth\^x^^^<Dx\ 
%$3<Dm^-®&mu^tz>f"( Td+Th 

J:5^K3eUT*5<<od«a*U^o * IT nr&W-^»3, 
50 [00 3 3] ffcf? . ±IEiE^^^^ 3 <D*/httl>RRO« " 
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[0 0 3 4] 1~*;b*>. l3 0ff^»Uv^ 

[0 0 3 5] ^ilC^LT^ 3 (7)fIt®(Dlff V2^» 

<o«FlBtr6ds«aO"C*<*9, iB»Hffi»&Tif<**«: 

[0 0 3 6] Ctt^(7)^m^:K^XTltR2/1^0. 1 
«*raB«i-6 4:. 08 (n) bfc «fc 5 ir g A fin 

S iirT-f (D$&±&&5± Loo, 

^^»*^ffl+5fcfe^ffiB^^a»WPPfl trl2 

[0 0 3 7] ^Lt^^)ltR2/1^0. 3. 0. 5. 
0. 7 < UTl/>< MS , (^) x 

[0 0 3 8] ^tie>^f^%It^^> «MS*a>m 
J£itR2/l£:0. 171*^0. 5. S£U<f*0. 2 7!>^ 
0. 4C0®ai^^-r5<h. 1 0 kH zJ^_b^l/>-5fi5t^ 

[0 0 3 9] M^LfcJ: 5 Ic. yX/uffln 2 coy ^^^7 

j x/u^ p 2 ft^o ^ ^ 5 m*a s 

fe5 0 0101*. ^(?)St^tt)^T% ElSft^9 

IBSffiVMl^P>«flEVH{cJi#S^:>t»&S: x &tc-& 
[0 0 4 0] 01 OiC^LfcJ: o\zK.tim£.m3<D&m 
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[004 1] i-ftfc>*>. ^«j{S-^<D«BES:*KI«ffiVMl 

[0 0 4 2] r<DJ:5fta**a«Wl!l*]fflL 
Mi^tt>(7)X^oX, |gft£ LT(±ift$L/c0 2 7?> 
20 V^[e]3S3 6 ^MUt^^^a -y :/ 

[0 0 4 3] ZtDMMWlZ&b^X^ #>< 5:>^{f^A 
[0044] ^lillT«iJt6F7h 

^M3^/^/u^i|)i^^g-r5o ^r^mavMos/Efi, ? 

^M30D/N°/UXitii^$fJ^Ii-5 h ^^o-r 
40 0M&WBE&WEVMK VM2 ^ ^ 5 <t 5 t-^M UX 1E» 
[0 0 4 5] Hllfl, ±S!Lfc*Ffl®teVM£r«*t;i 

ii:5^^«rmmJEVl^(DitR2/l^. 0. 18^^,0. 
CD&gfl. 7. 5 7!7^8. Om/sH. 0 6fig«© 

50 0. 0 4 6^?)0. 0 56//g^t'l. 2fgt>^:#<^ 
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[0 0 4 6] Z.(DZ.tfrb. !7y^3j/ h^f^y 

[0047] «rias«)^-f ^.^*flfeiaiS3 6*. 

Sr-^fcKfco J: 5 ^a^^^ffl Lfcff 3 (7)^W-liio 

[0 0 4 8] ^(Dfctb, BjxhWSIMi, 

[0049] -rt*t>*>. ^\'j*ibt\'y&mmife$ki>>$m 
-rzt* mi2 (4) . (a) . (^) i^^-r j: 5 

*"CC0I»BT2U T22, T23a*?£feJ>KS#6aK *I2^ 

[0050] »wmrf. *3©«#S:SiiPi-6#^ 

y>i/3 y Xu— ^M2<7Wuxi}jsp 

,&«tfM£TS:ffi< d£ft<fE»^:y K4rra-<Dffi«iHjft 
[0 0 5 1] «lflHft«l-J:oTE»^y K<o*»33 

[0 0 5 2] 9&7££titzg>&<DU&*^y YfrhW$k<Dm 
*HK ABK OEP, DHK RtfxRl-c^i") asaffifcJ: 
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[0 0 5 3] Lfc^oX. [114 (d^L/cJ: 9 l£-f ^ 

10 ±mmz93±*rzzb&'zjtlikteZ> 0 

[0054] Bisii, IB 3 o«*<oBiiP'*»Srai««. 

^ ^^fiHHUUflg 3 5 <Df§ 2 (7) y >- > 3 -/ h -v/u^M X 

T\ 7^3j/h^f/<^l — ^M2^^m^-r-5 

tf>« P W 2 SrffiiJW-T 6 J: 5 Ufc t <^-e*> 

[0 0 5 5] r^HJ6WcJ:tLtf, SSftffl^3 8^ 
' bo«*^J: D^«Afc»J6UTffiA***3«>«/h 

[0 0 5 6] ^4b\ W^f^^<, 

M*frrs, :*iia^ ffi^J^I^ 3 ***/hiM8-t-£. 
30 7^- h28 ^^Lt^^ v^stf by^i/X? 3 0 

[0 0 5 7] H 1 6 fi. H9KECD^tbff «9B£lBiK 2 6 CO 
40 tecOltM^^ttOTfcoT, i^f4 0H^iS 
03§-C\ h^^v^^^QllU Q112. Q113. ffifetRll 
U R112. R113 x R114. R115 x R116. Rll7T*1t^: 

(OfftlCj; 9»f£U ISInRlll^SiTLMrllli: h^^ 
v^X^ QlllcO-<— ^ -/^P^mJEVBElll^J: t)^ 
t51fi IK «9 
I l = VBElll/r 111 

[0 0 5 8] 3 VT^ihciom. iffini:<l;^l^ 
50 HT^O^mJE^^mSiffi I li = ^^*C101O|> 
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dV/d t = I 1/clOl 
ft6«ffi4gE*?±£.i-<5 0 

[0 0 5 9] 4 g§2<D^mffiHJ3ST\ h7>^ 

^Q12K Q122. Q123 N J&ItlR12L R122. R123. R 
124. R125. R126 N R127M X V «/££;ft,X^X> fg 1 

oo^mffiiH]^4 o ^raa^A**^ i N102— oft-^ 

A*J I- J: 9 - ^mms * =« ^ C 1 01 Utt^t 

[0 0 6 0] 4 211 fB3^^«8lc[BlieT% h7V'^ 
^Q13U Q132. SJtlR13U R132. R133. R134. R 
1351:: <£ t) . A^JSBiP I N103{^A^f Lfc^-Y 

*U S£SiR131(OSBtffl[r 131 t h 7 Q 131 <ZV< 

£9 

T S^VBElSl/r 131 

T- 1 OX R 131 £^ IT 3 ^ C lOlCDftmmfiT&ljk 

[0 0 6 1] rco^3cD^mSclH]^4 2\ZXV. 
^IfClOl^iffl^WEra:, Mlffi I 3<b =i V^^CIOKD 
#m^ficlOl^{cj: 
d V/d t = I 3/c 101 

[0 0 6 2] 4 3tt»4^S««E[sIK-e> h^v^* 
Q14K Q142. «gtR141, R142. R143. R144. R14 

0 — 4 3fah<vmMlz±V3t1&m£tiZ>^>''r>^C\0 
KDl&^m&te. byls&XfQIOU Q102. Q103. Q 
104"C»fiK$tuS«at^y7r 4 4^lt«^OUTl 

[0 0 6 3] Z<D&?{ZMj&$tltz.\B\&<DW}ft$:mi 7 

h i i"</u<Dm ^frxjim* 1 NioidA^-rs^ 

C10 2^^m^^TfcB^I*^OUT101<D®E<£:*Ffl 
ttttvtilcttllU: t i>\z±.g.£i£xmi ©AT**:*** 
i*r<5« 19m t 1 -5 fc. A^Ss^F I NlOl^f 

^LOWU^/l^ft*). =^>'^>'i^C102^3^^;^ J t?ii: 

[0 0 6 4] r^^-C^WJ^F^tCA-S^^V^^C 
lOl(^^T-mi£^*^^iVM^^mMmJEVH^X-AL^ 
±*S6l!lie&K*l*IBa±OI»IB t2. A^jffiT- I N102{C 
HI i^/ueO{f^£f$*DLT N re»«-§-0«JE«:*Pfl» 
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[0 0 6 5] >f >"?*km<D#^ * 

fiT**-6i-^S*NFM£il±^«Fm t 3 (OH I U-</KD 

«^*a*sfm Nio3tcA^u. mmm^^ 

[0 0 6 6] ^<Dt£. V^JStbttJ^^^lS^y 
X<Dm9h&»&£l£ZZb&X-$Z>*>( S y^$:IoT 
l*ra t 1 <DH I U-</MS^^A^*^- I NlOlKA^ u 
T^fS^«£ES: + M«fifcVM*-C±#S^:TlB3 0 
10 S*5 0 ^©fltlcj: »)EA»fla3*sft/h 

§l Hiwjffliw*. Jt^gi 1 N fB2. at^SB3o«»* 

lWJfa^lwffi^^^5o 
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(54) INK JET RECORDING APPARATUS 

(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent ink mist or 
curve in shooting of ink drops by a method wherein a 
pressure producing chamber is expanded on a first signal 
and ink drops are ejected with the pressure producing 
chamber contracted on a second signal, and the 
pressure producing chamber is expanded on a third 
signal into a capacity smaller than the first expansion 
when oscillation of meniscus proceeds toward the nozzle 
opening side after ejection of the ink drops. 
SOLUTION: A pressure producing chamber 3 is 
expanded with a piezoelectric oscillator 9 charged with 
electricity, and ink in an ink chamber 4 is sent to the 
pressure producing chamber 3 through an ink supply port 
5 and at the same time, meniscus at a nozzle opening 2 
is drawn toward the pressure producing chamber 3 side. 
Then, a voltage VH is maintained for a specified period 
of time and lowered to an electric potential VL. The 
piezoelectric oscillator 9 is discharged of electricity and 
thereby the pressure producing chamber 3 is contracted 
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and ink drops are ejected through the nozzle opening 2. After that, oscillation of meniscus inside 
the nozzle opening 2 is drawn toward the pressure producing chamber 3 to the utmost, and 
when it turns to the nozzle opening 2 side, the driving signal is raised again to a middle electric 
potential VM. Therefore, ink mist can be prevented and time required for post-return for the 
next ink drop ejection can be shortened. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] An ink jet type recording device characterized by providing the following A pressure 
generating room which was open for free passage in a common ink room through a nozzle orifice 
and an ink feed hopper, and was equipped with RUMUHORUTSU resonance frequency to that of 
a period TH An ink jet type recording head which consists of a piezoelectric transducer which it 
expands [ piezoelectric transducer ] and shrinks this pressure generating room The 1st signal to 
which said pressure generating room is made to expand A drive signal generation means to 
output the 3rd signal to which said pressure generating room is made to expand to capacity 
smaller than expansion capacity by the 1st signal when vibration of the 2nd signal which shrinks 
said pressure generating room in an expansion condition, and makes an ink drop breathe out from 
said nozzle orifice, and a meniscus produced after said ink drop regurgitation goes to a nozzle 
orifice side 

[Claim 2] Said 3rd signal is an ink jet type recording device according to claim 1 with which the 
amplitude is set up 0.1 of amplitude of said 2nd signal thru/or 0.5 times. 

[Claim 3] Said 3rd signal is an ink jet type recording device according to claim 1 with which the 
amplitude is set up 0.2 of amplitude of said 2nd signal thru/or 0.4 times. 

[Claim 4] Said 3rd signal is an ink jet type recording device according to claim 1 with which the 
duration is set up smaller than a period TH. 

[Claim 5] Said 3rd signal is an ink jet type recording device according to claim 1 with which the 
duration is set as the same value as substantially as said 2nd signal. 

[Claim 6] An ink jet type recording device according to claim 1 characterized by for elapsed time 
after said 2nd signal is outputted until said 3rd signal is outputted passing, and being 
substantially set as the same value with a period TH of RUMUHORUTSU resonance frequency. 
[Claim 7] An ink jet type recording device according to claim 1 characterized by for said 1st 
signal passing and being substantially set as the same value with a period TH of 
RUMUHORUTSU resonance frequency. 

[ — claim time — 8] An ink jet type recording device according to claim 1 characterized by 
setting duration of said 2nd signal as the same value substantially with a proper oscillation period 
of said piezoelectric transducer. 

[Claim 9] An ink jet type recording device according to claim 1 characterized by setting duration 
of said 3rd signal as the same value substantially with a proper oscillation period of said 
piezoelectric transducer. 

[Claim 10] An ink jet type recording device characterized by providing the following A pressure 
generating room which was open for free passage in a common ink room through a nozzle orifice 
and an ink feed hopper, and was equipped with helmholtz resonance frequency of a period TH An 
ink jet type recording head which consists of a piezoelectric transducer which it expands 
[ piezoelectric transducer ] and shrinks this pressure generating room The 1st signal which 
expands said pressure generating room by time amount which is mostly in agreement with said 
period TH The 2nd signal which shrinks said pressure generating room which is in an expansion 
condition after fixed time amount progress from impression initiation of said 1st signal, and 
makes an ink drop breathe out from said nozzle orifice r A drive signal generation means to 
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output the 3rd signal which expands said pressure generating room to capacity smaller than 
expansion capacity by said 1st signal after said ink drop regurgitation, and a means to adjust a 
gain of the 1 st signal and the 3rd signal 

[Claim 11] Said gain is an ink jet type recording device according to claim 10 adjusted by 
duration of said 3rd signal. 

[Claim 12] The 3rd signal is an ink jet type recording device according to claim 10 with which the 
duration is set as the same value as substantially as the 2nd signal. 

[Claim 13] An ink jet type recording device characterized by providing the following A pressure 
generating room which was open for free passage in a common ink room through a nozzle orifice 
and an ink feed hopper, and was equipped with helmholtz resonance frequency FH An ink jet 
type recording head which consists of a piezoelectric transducer which it expands [ piezoelectric 
transducer ] and shrinks this pressure generating room The 1st signal to which said pressure 
generating room is made to expand The 2nd signal which shrinks said pressure generating room 
in an expansion condition, and makes an ink drop breathe out from said nozzle orifice, A drive 
signal generation means to output the 3rd signal to which said pressure generating room is made 
to expand to capacity smaller than expansion capacity by said 1st signal when vibration of a 
meniscus produced after said ink drop regurgitation goes to a nozzle orifice side, A means to 
adjust time amount until it impresses said 3rd signal from a termination time of said 2nd signal 
[Claim 14] said 3rd signal — the amplitude — a 0.1 ** room of amplitude of said 2nd signal — an 
ink jet type recording device according to claim 13 set up 0.5 times. 

[Claim 15] Said 3rd signal is an ink jet type recording device according to claim 13 with which 
duration is set up smaller than a period TH. 

[Claim 16] Said 3rd signal is an ink jet type recording device according to claim 13 with which 
the duration is set as the same value as substantially as said 2nd signal. 
[Claim 17] An ink jet type recording device according to claim 13 characterized by setting 
substantially elapsed time after said 2nd signal is outputted until said 3rd signal is outputted as 
the same value with a period TH. 

[Claim 18] An ink jet type recording device according to claim 13 characterized by setting said 
1st signal as the same value substantially with a period TH. 

[Claim 19] An ink jet type recording device according to claim 13 characterized by setting 
duration of said 2nd signal as the same value substantially with a proper oscillation period of a 
piezoelectric transducer. 

[Claim 20] An ink jet type recording device according to claim 13 characterized by setting 
duration of said 3rd signal as the same value substantially with a proper oscillation period of a 
piezoelectric transducer. 

[Claim 21] An ink jet type recording device [ equipped with a means to control a time of said 3rd 
signal outputting according to environmental temperature ] according to claim 13. 
[Claim 22] An ink jet type recording device [ equipped with a means to control a time of 
outputting said 3rd signal so that it may be in agreement, when vibration of a meniscus produced 
after ink drop regurgitation moves to said pressure generating room side most according to 
environmental temperature ] according to claim 13. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The field of the technology in which invention belongs] This invention relates to the drive 
technology of the ink jet recording head which used the piezoelectric transducer in longitudinal- 
oscillation mode for the actuator. 
[0002] 

[Description of the Prior Art] A part is constituted by the elastic plate, with a piezoelectric 
transducer, it expands, the pressure generating room which is open for free passage to a nozzle 
orifice is shrunk, the laminating of the conductive layer is carried out to piezoelectric material by 
turns as an actuator for a high-speed drive of the ink jet type recording head which performs 
suction of ink and formation of an ink drop, and the piezoelectric transducer in the longitudinal- 
oscillation mode which the shaft orientations elongate is used. The piezoelectric transducer 
which has such longitudinal-oscillation mode has a contact area smaller than the piezoelectric 
transducer which bends, and becomes precocious and vibrates a field with a pressure generating 
room, and moreover, since the high-speed drive is possible, it is equipped with the feature that 
the high-speed printing in high resolution is possible. 
[0003] 

[Problem(s) to be Solved by the Invention] However, the piezoelectric transducer in such 
longitudinal-oscillation mode Although a high-speed drive is possible, since the attenuation 
factor of residual vibration is small, big residual vibration remains also after the ink drop 
regurgitation, and the action of a meniscus is affected. There is a problem of originating in this, 
and the location of the meniscus at the time of the ink drop regurgitation of a degree changing 
the flight direction of an ink drop as a rose and a result, and ink Myst arising by the big over 
shoot by the side of the nozzle orifice of a meniscus, and causing deterioration of a quality of 
printed character. The place which this invention is made in view of such a problem, and is made 
into the purpose is offering the ink jet type recording device in which a high-speed drive is 
possible, without causing the flight deflection of generating of ink Myst, or an ink drop. Moreover, 
the 2nd purpose of this invention is offering the ink jet type recording device which can change 
dot size, without causing deterioration of a quality of printed character. Furthermore, are 
concerned, there is no 3rd purpose of this invention in the specification of a recording head, and 
environmental temperature, and it is offering the ink jet type recording device which can be 
printed by fixed drive frequency, without causing the flight deflection of generating of ink Myst, 
or an ink drop. 
[0004] 

[Means for Solving the Problem] In order to solve such a problem, it sets to this invention. A 
pressure generating room which was open for free passage in a common ink room through a 
nozzle orifice and an ink feed hopper, and was equipped with RUMUHORUTSU resonance 
frequency to that of a period TH, An ink jet type recording head which consists of a 
piezoelectric transducer which it expands [ piezoelectric transducer ] and shrinks this pressure 
generating room, The 1st signal to which said pressure generating room is made to expand, and 
the 2nd signal which shrinks said pressure generating room in an expansion condition, and makes 
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an ink drop breathe out from said nozzle orifice, When vibration of a meniscus produced after 
said ink drop regurgitation went to a nozzle orifice side, it had a drive signal generation means to 
output the 3rd signal to which said pressure generating room is made to expand to capacity 
smaller than expansion capacity by the 1st signal. 
[0005] 

[Function] A meniscus is detained inside a nozzle orifice so that minute expansion of the 
pressure generating room is carried out with the 3rd signal, it may attenuate vibration of a 
meniscus effectively and it may serve as the optimal location for the ink drop regurgitation of a 
degree, when vibration of the meniscus generated by the regurgitation of an ink drop goes to a 
nozzle orifice side. 
[0006] 

[Embodiment of the Invention] Then, based on the example illustrating the details of this 
invention, it explains below. Drawing 1 shows one example of the ink jet type recording head 
used for this invention, the nozzle plate in which the nozzle orifice 2 was drilled, and 7 are elastic 
plates, as for a passage configuration board and 8, close both sides of the passage configuration 
board 7 with a nozzle plate 1 and an elastic plate 8, and, as for the sign 1 in drawing, the ink 
passage unit 1 1 is constituted. 

[0007] This ink passage unit 1 1 has the pressure generating room 3, the common ink room 4, and 
the ink feed hopper 5 that connects these, and serves to breathe out an ink drop and to attract 
ink in response to expanding of the piezoelectric transducer 9 mentioned later, and contraction. 
[0008] When 9 is a piezoelectric transducer, and carry out the laminating of piezoelectric 
material and the electrical conducting material by turns in parallel with the expanding direction, it 
is constituted, and it contracts in the direction of a laminating of a conductive layer, and the 
right-angled direction in the state of charge and it moves from a charge condition to a discharge 
condition, it is the so-called vibrator in the longitudinal-oscillation mode elongated in a 
conductive layer and the right-angled direction, and the other end is being fixed to the pedestal 
10 in the condition made the tip contact the elastic plate 8 which forms the pressure generating 
room 3. 

[0009] By the way, when the ink jet type recording head constituted in this way sets [ the solid- 
state compliance of the material of an elastic plate 8 and nozzle plate 1 grade itself which forms 
Ci and the pressure generating room 3 for the fluid compliance resulting from the compressibility 
of the ink of the pressure generating room 3 ] the inertance of Mn and the ink feed hopper 5 to 
Ms for the inertance of Cv and a nozzle orifice 2, the helmholtz frequency FH of the pressure 
generating room 3 is FH=1/2pixroot {(Mn+Ms)/(Ci+Cv) (MnxMs)}. 
It can be alike and can express more. 

[0010] In addition, the fluid compliance Ci can express [ volume ] the density of V and ink for the 
acoustic velocity in the inside of rho and ink by Ci=V/rho c2, if volume of the pressure 
generating room 3 is set to c. 

[0011] Furthermore, the solid-state compliance Cv of the pressure generating room 3 is in 
agreement with the static reduction of area of the pressure generating room 3 when impressing 
unit pressure to the pressure generating room 3. 

[0012] If an example is given, in the case of the pressure generating room 3 where length 
consisted of 0.5 thru/or 2mm as width of face 0.1 thru/or 0.2mm, the depth 0.05, or size of 
0.3mm, the helmholtz resonance frequency FH will be set to 50kHz thru/or about 200kHz. 
[0013] It is constituted so that drawing 2 shows one example of the drive circuit which drives 
the ink jet type recording head mentioned above, the sign 20 in drawing may be a control signal 
generating circuit, it may have input terminals 21 and 22 and output terminals 23, 24, and 25, and 
the printing signal and timing signal from an external device which generate print data may input 
into terminals 21 and 22 and a shift clock signal, a printing signal, and a latch signal may output 
from output terminals 23, 24, and 25. 

[0014] 26 is a drive signal generating circuit and outputs piezoelectric transducers 9 and 9 and 
the driving signal which drives 9 .... based on the timing signal from an external device inputted 
from the terminal 22. 

[0015] F1, F1, and F1 .... are flip-flops which constitute a latch circuit, respectively, and F2, F2, 
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and F2 .. are the flip-flops which constitute a shift register. The printing signal outputted from .... 
corresponding to each piezoelectric transducers 9 and 9 and 9 .. is latched by flip-flops F1 and 
F1 and F1 .. flip-flops F2 t F2, and F2 — It is constituted so that a selection signal may be 
outputted to each switching transistors 30 and 30 and 30 .. through OR gates 28 and 28 and 
28 .... 

[001 6] Drawing 3 is what shows one example of the above-mentioned control signal generating 
circuit 20. The sign 31 in drawing It is initialized in the standup of the timing signal ( drawing 5 (I)) 
inputted from a terminal 22 with a counter, the time of carrying out counting to the piezoelectric 
transducers 9 and 9 by which the clock signal from an oscillator circuit 33 is connected to the 
output terminal 29 of the drive signal generating circuit 26, and the value of 9 .... which is in 
agreement with a number — the carry signal of LOW level — outputting — counting — 
actuation is suspended. The carry signal of this counter 31 has the clock signal and AND from an 
oscillator circuit 23 taken through the AND gate, and outputs a shift clock signal to a terminal 
23. 

[0017] Moreover, signs 34 are the piezoelectric devices 9 and 9 inputted from a terminal 21, and 
the memory which memorizes the printing data of the number of bits which is in agreement with 

9 and are doubled and equipped also with the function which carries out the serial output of 

the printing data memorized inside synchronizing with the signal from the AND gate to a terminal 
24 for every bit 

[0018] The printing signal ( drawing 5 (VII)) by which serial transmission is carried out from this 
terminal 24 is latched to switching transistors 30 and 30, the flip-flops F1, F1, and F1 which 
constitute the above-mentioned shift register with the shift clock signal ( drawing 5 (VIII)) of 
30 .... which turned into a selection signal and was outputted from the terminal 23 of a printing 
signal, and .. the following printing period. In addition, a latch signal is outputted from the latch 
signal generation circuit 35 synchronizing with falling of the above-mentioned carry signal, and it 
is the period when the driving signal mentioned later maintains the middle potential VM at the 
time of the output. 

[0019] Drawing 4 is what shows one example of the drive signal generating circuit 26 mentioned 
above. The sign 36 in drawing It has three cascaded one-shot multivibrators M1, M2, and M3 in a 
timing^control circuit To each one-shot multivibrators M1, M2, and M3, respectively Sum T1= of 
the 1st charging time (Tc1) and the 1st hold time (Th1) (Tc1+Th1), The pulse width PW1, PW2, 
and PW3 ( drawing 5 (II), HI [ (III) ], (IV)) for specifying sum T2= (Td+Th2) of a charging time value 
(Td) and the 2nd hold time (Th2) and the 2nd charging time Tc 2 is set up. 
[0020] It is constituted so that it may turn on and off control of the standup of the pulse 
outputted from each one-shot multivibrators M1, M2, and M3, the transistor Q2 which performs 
charge by falling, respectively, the transistor Q3 which performs discharge, and the transistor Q6 
which performs 2nd charge may be carried out 

[0021] If the timing signal from an external device inputs into a terminal 22, the one-shot 
multivibrator M1 which constitutes the timing-control circuit 36 will output the pulse signal 
( drawing 5 (II)) of the pulse width PW1 (Tc1+Th1) beforehand set as this. If a transistor Q1 
serves as ON by this pulse signal, the capacitor C already charged by potential VM by the initial 
state will be charged as it is also at the fixed current Id which becomes settled by the 
transistor Q2 and resistance R1. If the terminal voltage of Capacitor C turns into supply voltage 
VH by this charge, this voltage will be maintained until charge actuation stops automatically and 
discharges henceforth. 

[0022] Time amount which is next equivalent to the pulse width PW1 of a one-shot multivibrator 
M1 (Tc1+Th1) = when T1 passes and this is reversed, a transistor Q1 becomes off, and the pulse 
signal ( drawing 5 (III)) of pulse width PW2 outputs from a one-shot multivibrator M2, a transistor 
Q3 serves as ON, and Capacitor C is made to discharge. This discharge is continuously 
performed until it reaches voltage VL mostly as it is also at the fixed current Id which becomes 
settled by the transistor Q4 and resistance R3. 

[0023] If the time amount (Td+Th2) equivalent to the pulse width PW2 of a one-shot 
multivibrator M2 passes and this is reversed, the pulse signal ( drawing 5 (IV)) of pulse width 
PW3 will output from a one-shot multivibrator M3, and a transistor Q6 will serve as ON. Thereby, 
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it charges again with fixed current Ic2, Capacitor C reaches the middle potential VM decided by 
time amount (Tc2) equivalent to the pulse width PW3 of a one-shot multivibrator M3, and charge 
ends it with this potential VM. 

[0024] By such charge and discharge, it goes up with fixed inclination on voltage VH from the 
middle potential [ as ] VM shown in drawing 5 , fixed time amount Th 1 is held, this voltage VH is 
shortly descended to VL with fixed inclination, fixed time amount Th 2 is held and the driving 
signal which goes up to the middle potential VM further again generates this voltage VL. 
[0025] In a place If voltage between Rr3 and the base-emitter of transistors Q2, Q4, and Q7 is 
set [ the resistance of CO and resistance R1 / the resistance of Rr1 and resistance R2 ] to 
Vbe2, Vbe4, and Vbe7 for the resistance of Rr2 and resistance R3, respectively, the capacity of 
the capacitor C in the above-mentioned drive signal generating circuit 26 The charging current 
Id mentioned above, the discharge current Id, the charging current Ic2 and the charging time Tc 
1, a charging time value Td, and the charging time Tc 2 It is set to 

Id =Vbe2/Rr1 Id=Vbe4/Rr3Ic2=Vbe7/Rr2Td =C0x(VM-VM)/ld Td=C0x(VH-VL)/IdTc2=C0x 
(VM-VL)/Ic2, respectively. 

[0026] The piezoelectric transducer 9 in longitudinal-oscillation mode is used as an actuator for 
carrying out expansion contraction of the pressure generating room 3. Moreover, if it is in the 
recording head constituted so that the helmholtz frequency FH of the pressure generating room 
3 might benefit a high-speed drive high Since the duration of the residual vibration of the 
piezoelectric transducer 9 after the ink drop regurgitation becomes long relatively rather than 
the period TH of the helmholtz frequency FH as mentioned above, in response to the effect of 
the residual vibration of a piezoelectric transducer 9, a meniscus becomes [ a meniscus ] 
unstable. 

[0027] In this example, for for this reason, the purpose which controls the residual vibration of a 
piezoelectric transducer 9 first Both the discharge time constant Td at the time of expanding for 
the ink drop regurgitation and the charge time constant Tc 2 at the time of minute expansion of 
the pressure generating room 3 are made in agreement with the proper oscillation period Ta of a 
piezoelectric transducer 9. Further The helmholtz resonance frequency TH, the relation between 
the charge time constant Tc 1 and the discharge time constant Td — 0.5 TH<TcK2TH — 
desirable — Tc1**THTd**Ta — desirable — Td<THTc2**Ta — it sets up so that it may be 
desirably set to Tc2<TH. moreover, the ratio of the potential difference V1 to discharge voltage, 
i.e., the condition of charge having been completed and having become fixed potential, and the 
condition which discharge completed, and the condition that discharge was completed and the 
potential difference V2 with the middle potential VM — V2/V1=R2/1 set up so that it may 
become the range of 0.1 thru/or 0.5. 

[0028] Actuation of the equipment constituted in this way next is explained. A selection signal is 
transmitted and flipHlops F1 and F1 and F1 .. are made, as for the control signal generating 
circuit 20, to latch this selection signal between front printing periods at the period of switching 
transistors 30, 30, and 30 and .... when all the piezoelectric transducers 9 and 9 and 9 .. are 
charged by the middle potential VM, as mentioned above. Then, a timing signal inputs, the driving 
signal shown in drawing 5 (V) goes up from the middle potential VM to voltage VH, and a 
piezoelectric transducer is charged. It contracts with constant speed by this charge, and a 
piezoelectric transducer 9 expands the pressure generating room 3. 

[0029] Through the ink feed hopper 5, the meniscus of a nozzle orifice 2 is drawn in an influx by 
the pressure generating room 3, and the ink of the common ink room 4 is drawn in coincidence 
by expansion of this pressure generating room 3 at the pressure generating room 3 side. If a 
driving signal reaches voltage VH, only the period of predetermined time Th 1 will maintain this 
voltage VH, and will descend towards potential VL after that. If a driving signal descends towards 
potential VL, the piezoelectric transducers 9, 9, and 9 and the charge charge of .... which were 
charged by voltage VH discharge through Diode D, it will elongate and a piezoelectric transducer 
9 will shrink the pressure generating room 3. Ink is pressurized by contraction of this pressure 
generating room 3, and the regurgitation is carried out as an ink drop from a nozzle orifice 2. 
Then, the meniscus in a nozzle orifipe 2 starts vibration. 

[0030] Since it has set up so that a driving signal may be turned to the middle potential VM from 
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voltage VL and it may go up again when vibration of a meniscus is most drawn in the pressure 
generating room 3 side and changes to a nozzle orifice 2 side in this example, a piezoelectric 
transducer 9 is charged again and the pressure generating room 3 carries out minute expansion. 
Since the meniscus reversed so that it might move to a nozzle orifice side by minute expansion 
of this pressure generating room 3 is pulled back at a pressure generating room side, a meniscus 
has that kinetic energy reduced and decreases that vibration quickly. 

[0031] Since it is desirable to give the force of the movement direction of a meniscus and an 
opposite direction to the ink of the pressure generating room 3 in order to control vibration of 
the meniscus generated after the ink regurgitation as mentioned above, the timing which carries 
out the minute expansion of the pressure generating room 3 with the 3rd signal (signal shown by 
** in drawing 7 ) has a desirable time (the time amount t2 in drawing 7 ) of minute vibration of 
the meniscus produced after the ink regurgitation beginning to go to a nozzle orifice side. 
[0032] By the way, since the ink of the pressure generating room 3 has started vibration on the 
helmholtz frequency FH of a period TH from the time of the 2nd signal (signal shown by ** in 
drawing 7 ) being impressed to a piezoelectric transducer 9, and the pressure generating room 3 
being contracted, as for the timing which impresses 3rd signal **, it is desirable to set up so that 
it may become equal to Td+Th2**THxn (however, n one or more integers) after all. And when 
vibration is controlled in the phase where an as much as possible early stage, i.e., a meniscus, 
exists in the back side of the pressure generating room 3, since it is useful to compaction of 
generating prevention of ink Myst by vibration of a meniscus, and the time amount to the ink 
drop regurgitation of a degree, the time of the above-mentioned numeric value n being a small 
value, n= 1 [ for example, ], as much as possible is desirable. 

[0033] on the other hand, a ratio with the relative magnitude V2 of minute expansion of the 
above-mentioned pressure generating room 3, i.e., the charge voltage by 3rd signal **, and the 
discharge voltage V1 for the ink drop regurgitation — R2/1 bring about 0.1 thru/or 0.5, and a 
desirable result with sufficient 0.2 thru/or sufficient 0.4. 

[0034] That is, although the time amount tr1 until the free vibration of the meniscus produced 
after the ink drop regurgitation returns a location [ the location suitable for carrying out the 
regurgitation of the following ink drop ], i.e., nozzle orifice near, is very short as shown in the 
drawing 8 (**) when not impressing 3rd signal **, in order that a meniscus may project greatly 
(field shown by crosshatching among drawing) and may carry out from a nozzle orifice 2, it 
becomes easy to generate ink Myst by the kinetic energy of a meniscus. 

[0035] On the other hand, although generating of ink Myst can be prevented since a meniscus is 
greatly drawn in a pressure generating room side as shown in drawing 8 (**) if voltage V2 of 3rd 
signal ** is made into the same magnitude as discharge voltage V1, the time amount tr6 until it 
returns to the location for carrying out the regurgitation of the following ink drop becomes very 
long, and is obtained and lost [ colander / lowering ] in drive frequency. 

[0036] these results — being based — a ratio — the reset time tr12 to the location for carrying 
out the regurgitation of the following ink drop can be shortened, pulling back the meniscus which 
is oscillating freely as shown in drawing 8 (b) to a pressure generating room side, decreasing 
kinetic energy, and preventing generating of ink Myst, if R2/1 are set about to 0.1. 
[0037] and this ratio — R2 / 1 — 0.3 and 0. — since the meniscus of what can attenuate 
vibration of a meniscus at an early stage will be greatly drawn in a pressure generating room side 
as shown in drawing 8 (Ha), (d), and (e) if it enlarges with 5 and 0.7, the time amount tr3, tr4, and 
tr5 until the regurgitation of the following ink drop becomes possible becomes large. 
[0038] If these situations are taken into consideration, 0.1 thru/or 0.5, and the high frequency 
response nature of [ if it is desirably set as the range of 0.2 thru/or 0.4 ] 10kHz or more can be 
obtained for voltage ratio R2/1 of a driving signal, and coexistence with generating prevention of 
ink Myst and improvement in a print speed can be aimed at. 

[0039] As mentioned above, the meniscus of a nozzle orifice 2 is the speed proportional to the 
expansion speed of the pressure generating room 3, and it has the phenomenon of returning 
toward a nozzle orifice 2, vibrating from the location which was drawn in the pressure generating 
room side and drawn most. Drawing 10 shows this phenomenon and shows the relation between 
the driving signal for shrinking a piezoelectric transducer 9 and expanding the pressure 



http://www4jpdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



2004/03/03 



6/10 V 



generating room 3 t and the amount of drawing in of the meniscus at that time. Movement of a 
meniscus when an alternate long and short dash line makes it go up on voltage VH from the 
voltage VM 2 higher than voltage VM 1 when a continuous line raises the voltage of a driving 
signal on voltage VH from the middle potential VM 1 in drawing 10 is expressed. 
[0040] Since it is proportional to the amount of expansion of a pressure generating room as were 
shown in drawing 10 , and signs ml and m2 showed the amount of drawing in of the meniscus 
after fixed time amount T1 progress from expansion initiation of the pressure generating room 3, 
if the pressure generating room 3 is shrunk to fixed timing, each meniscus in the time of an ink 
drop being breathed out will serve as a location of distance D1 and D2. 

[0041] That is, since the meniscus at the ink drop regurgitation time exists in the location of 
distance D1 distant distantly [ nozzle orifice / 2 ] when raising the voltage of a driving signal on 
voltage VH from the middle potential VM 1, there are few amounts of ink which constitute an ink 
drop, and the dot of small size is printed by the record form. On the other hand, since the 
meniscus in an ink drop regurgitation time exists in the location of the distance D2 near a nozzle 
orifice 2 when raising the voltage of a driving signal on voltage VH from the middle potential VM 
2, the amount of ink of an ink drop will increase and the dot of big size will be formed in a record 
form. If it puts in another way, it will become possible by adjusting the middle potential of a 
driving signal to change the amount of ink of an ink drop and to adjust dot size. 
[0042] The one-shot multivibrator M3 which drawing 9 shows the example for adjusting the dot 
size formed in a record medium, using such a phenomenon positively, uses a thing equipped with 
a function equivalent to drawing 2 thru/or drawing 4 mentioned above as a drive, and merely 
constitutes a timing circuit 36 is equipped with the adjustment function which carries out an 
adjustable setup of the time constant with an external signal in order to enable adjustment of the 
pulse width of the signal made to output from now on from host equipment. 

[0043] In this example, when a timing signal inputs, expansion of the pressure generating room 3 
was made to start and time amount T1 has passed since the expansion initiation time, actuation 
until it shrinks the pressure generating room 3 and makes an ink drop breathe out is as having 
mentioned above. When vibration of the meniscus generated in connection with the regurgitation 
of an ink drop changes to a nozzle orifice side, a one-shot multivibrator M3 operates, the voltage 
of a driving signal is raised from voltage VL to predetermined middle potential, and minute 
expansion of the pressure generating room 3 is carried out. 

[0044] At this time, the pulse width of a one-shot multivibrator M3 is adjusted that the size of 
the dot printed the following printing period should be determined. Since the voltage of the 
middle potential VM is proportional to the pulse width of the signal of a one-shot multivibrator 
M3, if the pulse width of a one-shot multivibrator M3 is controlled by the signal from a host, it 
adjusts the middle potential in the case of the ink drop regurgitation of a degree, i.e., the charge 
starting potential of a piezoelectric transducer 9, like voltage VM1 and VM2, and can change the 
size of the dot on a record medium freely. 

[0045] the ink weight of an ink drop when drawing 1 1 boils variously the middle potential VM 
mentioned above and changes it — It is what shows the result when changing R2/1 from 0.18 to 
0.33. and a ratio with the discharge voltage V1 at the time of making the middle potential VM and 
an ink drop breathe out the result of having investigated speed — The amount of ink changes a 
lot also 1.2 times from 0.046 to 0.056microg to the speed of an ink drop changing only 7.5 
thru/or 8.0 m/s, and in [ very small ] about 1.06 times, but being concerned with the middle 
potential VM, and taking about 1 constant value that there is nothing. 

[0046] the pulse width PW3 of a one-shot multivibrator M3 is changed from this — making — a 
ratio — if R2/1 are adjusted — the impact location of an ink drop — fluctuation — moreover, it 
was proved that the size of the dot on a record form could be adjusted to arbitration, without 
causing generating of ink Myst. 

[0047] Next, the 3rd example which used the above-mentioned timing generating circuit 36 
positively so that a quality of printed character might be kept constant irrespective of the 
specification of a recording head and change of environmental temperature is explained. Although 
the meniscus in a nozzle orifice 2 will .start vibration as shown in drawing 7 if an ink drop carries 
out the regurgitation as mentioned above, this oscillation frequency is governed by the frequency 
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FH of helmholtz resonance, and depends for the frequency FH of helmholtz resonance on the 
physical properties of the manufacture tolerance of each recording head, or ink. 
[0048] For this reason, when a lot etc. changes, even if it is the recording head of the same 
specification, it says [ it ] that it changes and is problematic [ helmholtz resonance frequency ]. 
What is necessary is just to double the pulse width PW2 of a one-shot multivibrator M2 with the 
helmholtz resonance frequency FH of each recording head, if it says in the timing adjustment 
means of the control unit built into each recording device, and this example in order to cope with 
such a problem. 

[0049] Namely, although the time amount T21, T22, and T23 until a meniscus returns to a nozzle 
orifice from t1 at the discharge-starting time differs delicately as shown to the drawing 12 (**), 
(**), and (Ha) when helmholtz resonance frequency is changed If the time amount is finely tuned 
so that a one-shot multivibrator M2 may be reversed when vibration of the meniscus in each 
recording head arrives at the optimal location In the next phase, since the pressure generating 
room 3 carries out minute expansion, the kinetic energy of the ink in the pressure generating 
room 3 is made to be reduced accurately, and generating of ink Myst is prevented. 
[0050] If it puts in another way, even if a pressure generating room can carry out minute * 
expansion to the always optimal timing and it is in the helmholtz resonance frequency FH 
between recording heads with a rose only by adjusting the time of impressing the 3rd signal so 
that it may double for each recording head of every with the pulse width PW2 of a one-shot 
multivibrator M2, a recording head can be driven by the same drive frequency, without causing 
deterioration of a quality of printed character. 

[0051] On the other hand, with environmental temperature, the physical size of a recording head, 
an elastic modulus, and since the physical properties of ink change further, the frequency FH of 
helmholtz resonance also receives effect in an environmental temperature greatly. 
[0052] When two or more recording heads were extracted as a sample from the recording head 
of manufactured a large number and the temperature dependence of the period TH of helmholtz 
resonance of each recording head was investigated, as shown in drawing 13 , the value (* mark in 
drawing, ** mark, O mark, ** mark, and x mark show) changed with temperature for every 
recording head. However, there was no individual difference in the rate of change of the 
frequency FH of helmholtz resonance for every recording head, and although it changed with the 
almost same orientation to temperature, it became clear. 

[0053] Therefore, by adjusting the time amount T2 of the time of impressing the 3rd signal 
(signal [ of drawing 7 ] **) from the time of discharge being started for the ink drop regurgitation, 
as shown in drawing 14 corresponding to environmental temperature It becomes possible to be 
able to choose the time of the ability to decrease effectively the kinetic energy of the meniscus 
which goes to a nozzle orifice at one's own discretion, and to be able to expand the pressure 
generating room 3 again, therefore to be concerned with environmental temperature, and to 
prevent generating of ink Myst certainly that there is nothing. 

[0054] Drawing 1 5 shows one example for adjusting the impression stage of the 3rd signal 
according to environmental temperature, makes the signal from the temperature detection 
means 38 input into the 2nd one-shot multivibrator M2 of the timing-control circuit 35, and it is 
constituted so that the width of face PW2 of the pulse outputted from a one-shot multivibrator 
M2 may be controlled. 

[0055] Since the signal from the temperature detection means 38 can adjust the initiation stage 
of minute expansion of the pressure generating room 3 corresponding to environmental 
temperature, are concerned, there is nothing to change of environmental temperature, the 
kinetic energy of a meniscus can be attenuated certainly, and stability can be made to breathe 
out an ink drop according to this example. 

[0056] In addition, in case a driving signal descends on voltage VL from voltage VH, the 
piezoelectric transducer 9 which there is no printing signal and was connected to the switching 
transistor 30 of non-switch-on will start discharge, if the voltage of a driving signal falls below to 
VM. Thereby, the pressure generating room 3 carries out micro shrinkage. On the other hand, the 
output from the one-shot multivibrator M3 which had signal level reversed makes coincidence 
flow through all the switching transistors 30 through OR gate 28 with an inverter 37. By these 
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things, since micro shrinkage wilt be carried out, minute expansion and the meniscus currently 
formed near the nozzle orifice carry out minute vibration of the pressure generating room 3 at a 
degree without the regurgitation of an ink drop in the piezoelectric transducer 9 without regards 
to printing. This minute vibration contributes to extending time amount until it urges stirring with 
the ink near the nozzle orifice, and the ink of a pressure generating room, it prevents thickening 
of the ink of a nozzle orifice 2 as much as possible and it results in the blinding of ink. 
[0057] Drawing 1 6 shows other examples of the above-mentioned drive signal generating circuit 
26, and the sign 40 in drawing is a current regulator circuit. It consists of transistors Q111, 
Q112, and Q113 and resistance R111, R112, R113, R114, R115, R116, and R117. It operates with 
the signal of high REBARU inputted into an input terminal IN 101. The current 11 which becomes 
settled with the resistance r1 1 1 of resistance R1 1 1 and the voltage VBE1 1 1 between BESU 
emitters of a transistor Q111, I1=VBE1 1 1/r1 1 1 [ i.e., ], is outputted, and a capacitor C101 is 
charged. 

[0058] A capacitor C101 goes up with the voltage inclination to which it charges according to 
current 11, and the terminal voltage becomes settled with the charging current 11 and the 
electrostatic capacity c101 of a capacitor C101 and which becomes dV/dt=I1/c101. 
[0059] 41 is the 2nd current regulator circuit and transistors Q121, Q122, and Q123 and 
resistance R121, R122, R123, R124, R125, R126, and R127 constitute it — having — **** — the 
1st current regulator circuit 40 — the same — the input of the signal to an input terminal IN102 

- the charging current of a law is supplied to a capacitor C101. 

[0060] 42 is the 3rd current regulator circuit. By transistors Q131 and Q132 and resistance 
R131, R132, R133, R134, and R135 It is constituted as a current regulator circuit of the sink 
mold which operates with the signal of high REBARU inputted into the input terminal IN103. The 
current 13 which states and becomes settled with the voltage VBE131 between - sault emitters, 
I3=VBE131/r131 [ i.e., ], makes the charge charge of a capacitor C101 discharge through an 
intermediary R131 transistor Q131 with the resistance r1 31 of resistance R131. 
[0061] By this 3rd current regulator circuit 42, the terminal voltage of a capacitor C101 
descends with dV/dt=I3 / voltage inclination of c101 which becomes settled with current 13 and 
the electrostatic capacity c101 of a capacitor C101. 

[0062] 43 is the 4th current regulator circuit and is constituted by transistors Q141 and Q142 
and resistance R141, R142, R143, R144, and R145 as a current regulator circuit of a sink mold 
like the 3rd current regulator circuit 42. The terminal voltage of the capacitor C101 in which 
charge and discharge are carried out by the current from each [ these ] current regulator 
circuits 40-43 is outputted to a terminal OUT101 as a driving signal through the current buffer 
44 which consists of transistors Q101, Q102; Q103, and Q104, and is supplied to a piezoelectric 
transducer 9. 

[0063] Thus, actuation of the constituted circuit is explained based on drawing 17 . If the signal 
of HI level of predetermined time tl inputs into an input terminal IN101 during a printing 
preparation period, current 11 will output from the 1st current regulator circuit 40, a capacitor 
C102 will be charged, the voltage of an output terminal OUT101 will be raised with time amount 
to the middle potential VM, and the 1st signal will be generated. If time amount tl passes, it will 
be set to LOW level, charge of a capacitor C102 will stop the signal of an input terminal IN101, 
and output voltage will be henceforth maintained to middle ****** VM. 

[0064] if it enters in this condition at a printing period — the time amount t2 beyond the time 
amount which needs the terminal voltage of a capacitor C101 to start from the middle potential 
VM to supply voltage VH, and an input terminal IN102 — the signal of HI level — impressing — 
the voltage of a driving signal — from the middle potential VM up to [ near supply voltage VH ] - 

- time amount — rising — henceforth — this — this voltage VH is maintained mostly, the part 
by which the pressure generating room 3 is equivalent to the potential difference of the middle 
potential VM and supply voltage VH by this — it expands. 

[0065] And according to the timing of the ink regurgitation, the signal of HI level of the time 
amount t3 beyond time amount required even for a zero bolt to reduce the terminal voltage of a 
capacitor C101 mostly is inputted into an input terminal IN 103, a driving signal is reduced to a 
zero bolt degree, and the 2nd signal is generated. 
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[0066] Then, the timing which movement of the meniscus produced after the ink drop 
regurgitation can be made to **** is aimed at, HI level signal of time amount tl is inputted into 
an input terminal IN 101, the voltage of a driving signal is raised to the middle potential VM, and 
the 3rd signal is generated. The pressure generating room 3 carries out minute expansion with 
this signal, and a meniscus is pulled back to a pressure generating room side. Henceforth, the 
1st, 2nd, and 3rd above-mentioned signals are made to output for every 1 printing signal during a 
printing period. 

[0067] After printing of one line is completed, only the time amount t4 beyond time amount 
required even for a zero bolt to bring down the terminal voltage of a capacitor C101 impresses 
the signal of HI level to an input terminal IN104, and reduces a driver voltage wave to near a 
zero bolt. In addition, since the pressure generating room 3 carries out micro shrinkage by the 
fall of this voltage, that time constant is set as the big value which is the degree in which ink 
does not carry out the regurgitation, and the 4th current regulator circuit 43 is constituted so 
that voltage may fall gently-sloping. 

[0068] Drawing 18 shows the actuation in the case of performing printing actuation using the 
drive signal generating circuit mentioned above, and as mentioned above, it sets it at a printing 
preparation period. The period and full power ON signal with which driver voltage starts from the 
zero bolt to the middle potential VM are made into HI level. By making all bidirectional switching 
transistor 30' ( drawing 19 ) into switch-on, regardless of print data, this middle potential VM is 
supplied to all the piezoelectric transducers 9, and all the piezoelectric transducers 9 are 
charged to the middle potential VM. 

[0069] Next, in the usual printing period, when a full power ON signal is LOW level, it does not 
charge at the piezoelectric transducer 9 which is not chosen as the specific piezoelectric 
transducer 9 by charging by impressing a driving signal through bidirectional switching transistor 
30' through which it has flowed alternatively by print data 1 thru/or print-data n, but the middle 
potential VM is merely maintained. 

[0070] Moreover, HI level of the full power ON signal is carried out once [ at least ] among the 
periods from which a driver voltage wave is held in the time of initiation of 1 printing period, and 
termination at the middle potential VM. The recharge of the piezoelectric transducer to which 
there are no print data into 1 printing period, the condition of not driving continued by this for a 
long time, and the middle potential VM fell by discharge is carried out, middle potential is raised 
on the voltage VM of normal, and refresh can be aimed at 

[0071] Furthermore, in a printing post process period, a driver voltage wave is the phase which 
fell near the zero bolt from the middle potential VM, and makes a full power ON signal HI level. 
Thereby, the residual charge of all the piezoelectric transducers 3 will discharge certainly, and 
prevents generating of the minute ink drop resulting from the expansion which the piezoelectric 
transducer by a noise etc. does not mean, and contraction by using terminal voltage of a 
piezoelectric transducer 9 as a zero bolt 

[0072] Since the example shown in drawing 16 can set up independently the power surge of the 
1st signal which goes up on voltage VH from the middle potential VM, the 2nd signal which 
descends from voltage VH to 0 volts of abbreviation, and the 3rd signal which goes up from 0 
volts of abbreviation to the middle potential VM, and the voltage inclination in the case of a 
voltage drop, it can set up the driving signal which suited the property of a recording head much 
more appropriately. In addition, although especially the signal generation circuit that outputs the 
signal impressed to input terminals IN101-IN104 is not specified in the example shown in drawing 
1_6 , it is clear that it can constitute by the timing equalization circuit which cascaded the one- 
shot multivibrator as shown, for example in drawing 4 . 

[0073] In addition, although by expanding a pressure generating room and making the charge of a 
piezoelectric transducer discharge explained the case where it applied to the ink jet arm head of 
the format which is made to contract a pressure generating room and carries out the 
regurgitation of the ink drop, by charging a piezoelectric transducer in the above-mentioned 
example Even if it applies to the recording head using the piezoelectric transducer 54 which 
elongates at the time of charge according to d33 so-called effect which carried out the 
laminating of piezoelectric material 51 and the electrode materials 52 and 53 in the oscillating 
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direction by turns as shown in drawing 20 , and is contracted at the time of discharge, it is clear 
to do the same operation so. 

[0074] Namely, what is necessary is just to input a signal to timing as shown in each input 
terminal IN101, IN102. IN103, and IN104 of the drive signal generating circuit mentioned above at 
drawing 21 . 

[0075] Moreover, although the example was taken and explained when serial transmission of the 
control data was carried out to the switch 30 which drives a piezoelectric transducer in an 
above-mentioned example When there are few piezoelectric transducers which constitute the 
recording head As serial parallel conversion means, such as a shift register, are excluded and it 
was shown in drawing 22 Even if it inputs direct into OR gate 46 which outputs a signal to the 
control gate of a switch 30 for print data or all ON signals and makes it output a driving signal to 
a piezoelectric transducer 9, it is clear to do the same operation so. 
[0076] Moreover, although the output time of each signal is controlled by the one-shot 
multivibrator in an above-mentioned example, it is clear that other timing-control means, such as 
a microcomputer, can be used. 
[0077] 

[Effect of the Invention] As mentioned above, the 1 st signal to which a pressure generating room 
is made to expand in this invention as explained, The 2nd signal which shrinks the pressure 
generating room in an expansion condition, and makes an ink drop breathe out from said nozzle 
orifice, Since it had a drive signal generation means to output the 3rd signal to which a pressure 
generating room is made to expand to capacity smaller than the expansion capacity by the 1st 
signal when vibration of the meniscus produced after the ink drop regurgitation went to the 
nozzle orifice side While preventing generating of ink Myst which can draw the meniscus which is 
going to go to the nozzle orifice in the regurgitation of an ink drop by expansion of a pressure 
generating room, can be attenuated effectively, and originates in the kinetic energy of a 
meniscus For the ink drop regurgitation of a degree, a meniscus can be stopped in a fixed 
location and stability of flight can be aimed at 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the cross section showing one example of the ink jet type recording head used 
for the ink jet recording device of this invention. 

[Drawing 2] It is the block diagram showing one example of the ink jet type recording device of 
this invention. 

[Drawing 3] It is the block diagram showing one example of the control signal generating circuit 
in equipment same as the above. 

[Drawing 4] It is the circuit diagram showing one example of the drive signal generating circuit in 
equipment same as the above. 

[Drawing 5] It is the wave form chart showing actuation of drawing (I) thru/or (VIII) ******** 
same-as-the-above equipment 

[Drawing 6] It is drawing showing each parameter which specifies a driving signal. 
[Drawing 7] It is drawing showing the action of a meniscus with relation with a driving signal. 
[Drawing 8] (b) Or (**) shows the action of the meniscus at the time of changing the ratio of the 
2nd driving signal to total driver voltage, respectively, and drawing (**) is [ drawing (Ha) of 
drawing (**) ] a wave form chart in which in drawing (d) drawing (e) shows the case of 0.5 and 
the case of 0.7 and drawing (**) show the case of 1 for the case of 0.3 about the case of 0.1 in 
the case of 0. 

[Drawing 9] Drawing (I) thru/or (VI) are the wave form charts showing other examples of 
******** this invention. 

[Drawing 10] It is drawing showing the action of a meniscus with relation with a driving signal 
from expansion initiation of a pressure generating room to the ink drop regurgitation. 
[Drawing 11] It is drawing showing the speed of the ink drop to the ratio of discharge voltage and 
minute charge voltage, and the relation of the amount of ink. 

[Drawing 12] drawing (**) or (Ha) it is drawing showing the return time amount of the meniscus 
after ******** helmholtz resonance frequency and the ink drop regurgitation. 
[Drawing 13] It is the diagram showing the relation between environmental temperature and the 
period of helmholtz resonance. 

[Drawing 14] It is the diagram showing the relation between environmental temperature and the 
stage to impress the 3rd signal. 

[Drawing 15] It is the block diagram showing other examples of this invention. 
[Drawing 16] It is the circuit diagram showing one example of a drive signal generating circuit. 
[Drawing 17] It is the wave form chart showing actuation of a circuit same as the above. 
[Drawing 18] It is the wave form chart showing actuation of the circuit same as the above under 
1 presswork. 

[Drawing 19] It is the block diagram showing one example of the ink jet type recording device 
suitable for driving by the drive signal generating circuit shown in drawing 16 . 
[Drawing 20] It is drawing showing other examples of the ink jet type recording head which can 
apply the drive technology of this invention. 

[Drawing 21] It is the wave form chart showing the control method at the time of using the drive 
signal generating circuit shown in drawing 16 since a recording head same as the above is driven. 
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[Drawing 22] It is the block diagram showing other examples of the impression method of print 
data. 

[Description of Notations] 

1 Nozzle Plate 

2 Nozzle Orifice 

3 Pressure Generating Room 

8 Elastic Plate 

9 Piezoelectric Transducer 
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